ACOUSTIC SIGNAL-PROCESSING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to an improved acoustic signal-processing 
apparatus and method operable to compensate a lack of a bass sound band to provide an 
increased feeling of bass sound. In particular, it relates to an improved art that is 
operable to add a low frequency component-related overtone to provide an increased 
feeling of bass sound, and that is preferred for the use of, e.g., a small-sized speaker unit 
or an instrument prone to a deficiency in a feeling of bass sound. 
[0003] 2. Description of the Related Art 

[0004] In general, it is well known that a small-size speaker unit is insufficient to 
regenerate sound at a bass sound band. One of known methods for smoothing out the 
issue is to regenerate harmonic overtones based on regeneration-resistant bass sound 
instead of regenerating the regeneration-resistant bass sound. It is well known that, 
according to the method as discussed above, a virtual pitch effect provides an improved 
feeling of audible bass sound, although the harmonic overtones are reproduced within 
the range of a speaker reproducible band. 

[0005] The term "harmonic overtone" has two different meanings. According to one of 
the two different definitions, the "harmonic overtone" refers to any sound component 
that excludes a fundamental tone (a sound having a fundamental frequency) in a musical 
tone or original sound, and that has a frequency equal to a positive integer multiple of a 
frequency of the fundamental tone. 

[0006] According to the other definition, the "harmonic overtone" refers to a sound 
having a frequency equal to a positive integer multiple of a frequency of a target sound. 
[0007] The "harmonic overtone" herein is not differentiated from one another as above, 
but is simply called an "overtone". Furthermore, an overtone having a frequency equal 
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to an "n"-multiple ("n" is a positive integer) of a frequency of the fundamental tone or 
original sound is herein referred to as an "n"-fold overtone. 

[0008] The following discusses two different types of prior art acoustic 
signal-processing apparatuses with reference to Figs. 9 and 10. 

[0009] Fig. 9(a) is a block diagram illustrating a first prior art acoustic signal-processing 
apparatus. As illustrated in Fig. 9(a), a signal that has entered the first acoustic 
signal-processing apparatus through an input terminal 1 is diverted into two systems. In 
the first system, one of the diverted input signals is fed into an adder 7 through one of 
two different input ports of the adder 7. 

[0010] In the second system, another diverted input signal enters a low pass filter 5. The 
low pass filter 5 extracts only a low frequency component from the input signal in 
accordance with predetermined cut-off characteristics. The extracted low frequency 
component is fed into an overtone-generating unit 4. 

[0011] The overtone-generating unit 4 generates a signal (an overtone) having a 
frequency component equal to an integer multiple of a frequency component of the 
extracted low frequency component. The generated overtone is fed into the adder 7 
through the other input port of the adder 7. 

[0012] The adder 7 adds together the respective signals that have entered the adder 7 
through the two different input ports thereof. Results from the addition are fed into an 
output terminal 2. 

[0013] There is a variety of methods for generating the overtone. The following 
discusses, with reference to Fig. 10, a zero-crossing process among the methods. 
[0014] An overtone- generating example is now contemplated in accordance with a 
sinusoidal waveform as shown in Fig. 10(a). 

[0015] A zero-crossing point is a place where a signal switches over between positive 
and negative values. For example, PI, P2, and P3 in Fig. 10(a) are the zero-crossing 
points at which a negative signal is turned into a positive one. 
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[0016] To generate a twofold overtone, an original waveform extending from a 
negative-to-positive zero-crossing point to another, or rather from a distance between PI 
to P2 to another between P2 to P3 may be compressed into a half of the original 
waveform in the direction of a time axis to repeatedly regenerate the compressed 
waveform twice. As a result, as illustrated in Fig. 10(b), the processed signal has twice 
as high frequency as that of the original signal. 

[0017] In general, when "n" is a positive integer, an original waveform extending 
between the same zero-crossing point is compressed into one over "n" of the original 
waveform in the direction of the time axis to repeatedly regenerate the compressed 
waveform a "n"-number of times, thereby generating an "n"-fold overtone. 
[0018] When complex sound (e.g., a chord or a sound having several frequency 
components) enters the first prior art acoustic signal-processing apparatus of Fig. 9 (a), 
then frequency components other than a target overtone to be generated are 
objectionably produced. As a result, the generated overtone is distorted, with a 
concomitant degradation in sound quality. 

[0019] The drawback as discussed above is overcome by a second prior art acoustic 
signal-processing apparatus of Fig. 9(b). The following discusses the second prior art 
acoustic signal-processing apparatus with reference to Fig. 9(b). In Fig. 9(b), 
components similar to those of Fig. 9(a) are identified by the same reference characters. 
[0020] As illustrated in Fig. 9(b), the second prior art acoustic signal-processing 
apparatus has improvements in which the complex sound is divided into several 
frequency bands to generate an overtone based on each component that belongs to 
corresponding one of the divided frequency bands. 

[0021] The second prior art acoustic signal-processing apparatus of Fig. 9(b) includes a 
band-dividing unit 6 that is absent in the first prior art acoustic signal-processing 
apparatus of Fig. 9(a). The band-dividing unit 6 includes a plurality of band pass filters 
"5a" to "5c" designed for different frequency bands, thereby permitting a low frequency 
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component in an input signal to be divided into several signals, each of which belongs 
to corresponding one of the different frequency bands. 

[0022] The divided signals are fed into overtone-generating units "4a" to "4c", each of 
which is provided for corresponding one of the different frequency bands. In each of the 
overtone-generating units "4a" to "4c", an overtone is generated. An adder "7a" adds 
together output signals from the overtone-generating units "4a" to "4c". The added 
output signals are fed into another adder "7b" through one of two different input ports 
of the adder "7b". 

[0023] In principle, the division of the frequency band as illustrated in Fig. 9(b) 
generates an overtone based on a single frequency component signal for each of the 
frequency bands, even when the complex sound enters the second prior art acoustic 
signal-processing apparatus of Fig. 9(b). This feature suppresses the occurrence of 
distortional components. 

[0024] The frequency band-dividing method as discussed above advantageously 
suppresses degradation in sound quality when the complex sound enters the second 
prior art acoustic signal-processing apparatus of Fig. 9(b). However, the prior art takes 
no account of the way in which the overtone should be generated based on the 
component for each of the divided frequency bands. 

[0025] The present inventors has revealed based on their studies at this time that a 
poorly structured overtone degrades tone quality, and results in an insufficient effect on 
improvements in a feeling of bass sound. Details of those shortcomings are described 
later. It is understood from the shortcomings that the overtone-generating structure as 
illustrated in Fig. 9(b) yet remains unsatisfactory. 
OBJECTS AND SUMMARY OF THE INVENTION 

[0026] In view of the above, an object of the present invention is to provide an 
overtone-generating art that provides a high effect on improvements in a feeling of bass 
sound and a less feeling of distortion in an acoustic signal-processing apparatus 
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designed to divide a frequency band into several frequency components. 
[0027] A first aspect of the present invention provides an acoustic signal-processing 
apparatus comprising: a band-dividing unit operable to divide a low frequency 
component in an entering acoustic signal into filtered components that belong to several 
frequency bands; an overtone-generating unit operable to generate a plurality of 
overtone components based on each of the filtered components that belong to the 
several frequency bands; and a combining unit operable to combine the entering 
acoustic signal with the plurality of overtone components generated by the 
overtone-generating unit, wherein the overtone-generating unit is operable to generate 
the plurality of overtone components in such a manner that the plurality of overtone 
components generated by the overtone-generating unit meet a given condition. 
[0028] According to the above system, certain conditions to permit the 
overtone-generating unit to generate overtones are provided. This feature eliminates the 
generation of improper overtones, and produces favorable overtones. As a result, an 
improved feeling of bass sound and a suppressed feeling of distortion are attainable. 
[0029] A second aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein the given 
condition is concerned with a degree of each of the plurality of overtone components 
generated by the overtone-generating unit. 

[0030] According to the above system, the use of the degree makes it feasible to define 
certain conditions concisely, and the overtone-generating unit is required to generate 
only overtone components having degrees of interest. As a result, the 
overtone-generating unit is less burdened with operations to generate the overtones. 
[0031] A third aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein the given 
condition defines that the plurality of overtone components generated by the 
overtone-generating unit fall within a range of a given frequency. 
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[0032] The above system obviates the occurrence of overtones that lie outside of an 
envisaged speaker reproducible band. More specifically, a first feature that obviates the 
occurrence of overtone components having excessively high frequencies prevents 
regenerated sound from being deviated toward an intermediate- or high-pitched sound, 
and provides a natural tone without awkward variations in tone. A second feature that 
obviates the occurrence of overtone components having excessively low frequencies 
avoids overloading a speaker unit. 

[0033] A fourth aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein the 
overtone-generating unit generates one or more overtone components based on each of 
the filtered components that belong to the several frequency bands; and wherein the 
given condition defines that a number of the one or more overtone components 
generated based on a filtered component that belongs to a higher frequency band among 
the several frequency bands is not greater than a number of the one or more overtone 
components generated based on a filtered component that belongs to a lower frequency 
band among the several frequency bands. 

[0034] The above system produces a naturally structured overtone, not an awkward one. 
The above system collectively generates overtones having lower frequencies, not higher 
frequencies, and operatively provides an improved feeling of bass sound. 
[0035] A fifth aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein the given 
condition defines generation of a plurality of overtone components for each of the 
several frequency bands, the plurality of overtone components having at least one of a 
reachable least degree and an degree greater than the reachable least degree, the 
reachable least degree being a least degree that reaches an envisaged speaker 
reproducible band. 

[0036] According to the above system, the use of the reachable least degree makes it 



6 



feasible to produce a favorable overtone component concisely and properly based on 
each of the components that belongs to the several frequency bands. 
[0037] A sixth aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein the given 
condition defines that the plurality of overtone components generated by the 
overtone-generating unit fall within a range of a given frequency, and defines that the 
plurality of overtone components have a reachable least degree and a degree that is 
greater than the reachable least degree but falls within the range of the given frequency, 
the reachable least degree being a least degree that reaches an envisaged speaker 
reproducible band. 

[0038] The above system obviates the occurrence of overtones that lie outside of the 
envisaged speaker reproducible band. More specifically, a first feature that obviates the 
occurrence of overtone components having excessively high frequencies prevents 
regenerated sound from being deviated toward an intermediate- or high-pitched sound, 
and provides a natural tone without awkward variations in tone. A second feature that 
obviates the occurrence of overtone components having excessively low frequencies 
avoids overloading a speaker unit. 

[0039] According to the above system, the use of the reachable least degree makes it 
feasible to generate a favorable overtone component concisely and properly based on 
each of the components that belongs to the several frequency bands. 
[0040] A seventh aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein the given 
condition defines that the plurality of overtone components generated by the 
overtone-generating unit fall within a range of a given frequency, and that only a 
plurality of overtone components having a single degree for each of the several 
frequency bands are generated. 

[0041] The above system provides an improved feeling of bass sound with a less burden 
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of operations to generate the overtones. 

[0042] An eighth aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the seventh aspect of the present invention, in which the single 
degree is a reachable least degree, and the reachable least degree is a least degree that 
reaches an envisaged speaker reproducible band. 

[0043] The above system collectively generates low frequency components at a lower 
frequency band among the envisaged speaker reproducible band, and operatively 
provides an improved feeling of bass sound. 

[0044] A ninth aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the seventh aspect of the present invention, in which the single 
degree is set in such a manner that the plurality of overtone components generated based 
on the filtered components that belong to the several frequency bands have frequencies 
non-overlapped with each other. 

[0045] The above system provides low frequency components that have a series of 
continuous degrees with ease, and consequently regenerates natural sound with a less 
feeling of distortion. 

[0046] A tenth aspect of the present invention provides an acoustic signal-processing 
apparatus as defined in the first aspect of the present invention, wherein each of the 
plurality of overtone components have amplitude set to decrease with an increase in 
frequency. 

[0047] The above system provides regenerated sound that is precluded from being 
deviated audibly toward an intermediate- or high-pitched sound. 

[0048] The above, and other objects, features and advantages of the present invention 
will become apparent from the following description read in conjunction with the 
accompanying drawings, in which like reference numerals designate the same elements. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] Fig. 1(a) is a block diagram illustrating an acoustic signal-processing apparatus 
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according to a first embodiment of the present invention; 

[0050] Fig. 1(b) is a block diagram illustrating overtone-producing units according to 
the first embodiment; 

[0051] Fig. 2(a) is an illustration showing an example of band-dividing characteristics 
according to the first embodiment; 

[0052] Fig. 2(b) is an illustration showing another example of band-dividing 
characteristics according to the first embodiment; 

[0053] Fig. 2(c) is an illustration showing yet another example of band-dividing 
characteristics according to the first embodiment; 

[0054] Fig. 3 is a graph illustrating an example of an overtone-generating amplitude 
structure according to the first embodiment; 

[0055] Fig. 4 is a descriptive illustration showing an overtone-generating, comparative 
example according to the first embodiment; 

[0056] Fig. 5(a) is a descriptive illustration showing an overtone-generating pattern 1 
according to the first embodiment; 

[0057] Fig. 5(b) is a descriptive illustration showing an overtone-generating pattern 2 
according to the first embodiment; 

[0058] Fig. 6(a) is a descriptive illustration showing an overtone-generating pattern 3 
according to a second embodiment; 

[0059] Fig. 6(b) is a descriptive illustration showing an overtone-generating pattern 4 
according to the second embodiment; 

[0060] Fig. 7 is a block diagram illustrating an acoustic signal-processing apparatus 
suited for stereo signal input-output according to the first embodiment; 
[0061] Fig. 8(a) is a block diagram illustrating an acoustic signal-processing apparatus 
according to variation 1 of the present invention; 

[0062] Fig. 8(b) is a block diagram illustrating an acoustic signal-processing apparatus 
according to variation 2 of the present invention; 
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[0063] Fig. 9(a) is a block diagram illustrating a first prior art acoustic signal-processing 
apparatus; 

[0064] Fig. 9(b) is a block diagram illustrating a second prior art acoustic 
signal-processing apparatus; and 

[0065] Fig. 10(a) is a descriptive illustrating showing a prior art overtone-generating 
principle; and 

[0066] Fig. 10(b) is a descriptive illustrating showing a prior art overtone-generating 
principle. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0067] Embodiments of the present invention are now described with reference to the 

accompanying drawings. 

[0068] (Comparative example) 

[0069] Before overtone-generating methods according to embodiments of the present 
invention are described, a comparative example of overtone production is now 
discussed. In conclusion, the comparative example as discussed below demonstrates 
that a problem arises when a musical tone has a low fundamental tone, and when 
overtones having low degrees, which are generated based on the musical tone as just 
discussed, are in the range below a speaker reproducible band. 

[0070] Assume herein that the speaker reproducible band is 150 Hz or higher; as 
illustrated in Fig. 2(a), a frequency band is divided at intervals of 25 Hz to generate 
overtones; and twofold to fourfold overtones are generated at the divided frequency 
bands, but not overtones having frequencies of less than 150 Hz. 
[0071] The present comparative example generates: 

only a fourfold overtone at frequency band "A" (25 to 50 Hz); 

threefold and fourfold overtones at frequency band "B" (50 to 75 Hz); 

twofold to fourfold overtone at each of frequency bands "C" (75 to 100 Hz), 
"D" (100 to 125 Hz), and "E" (125 to 150 Hz). 



10 



[0072] In the present comparative example, assume that a musical tone having a 
fundamental tone of 40 Hz enters an acoustic signal-processing apparatus. In this 
instance, as illustrated in Fig. 2(b), a frequency band to be processed includes three 
frequency components: the fundamental tone (40 Hz); a twofold overtone (80 Hz); 
and a threefold overtone (120 Hz). 

[0073] The three frequency components are separated from each other by the division of 
the frequency band. As a result, the frequency components of 40, 80, and 120 Hz belong 
to frequency bands "A", "C", and "E", respectively; and one or greater overtones are 
generated for each of those frequency bands. 

[0074] Fig. 4 illustrates results from the generation of the overtones. The generated 
overtones are: 

an overtone having a frequency of 160 Hz based on the fundamental tone (40 
Hz) that belongs to frequency band "A" (25 to 50 Hz) ; 

overtones having frequencies of 160, 240, and 320 Hz based on the twofold 
overtone (80 Hz) that belongs to frequency band "C" (75 to 100 Hz); and 

overtones having frequencies of 240, 360, and 480 Hz based on the threefold 
overtone (120 Hz) that belongs to frequency band "E" (125 to 150 Hz). 
[0075] As a result, the comparative example produces a total of overtone components 
having frequencies of 160, 240, 320, 360, and 480 Hz. 

[0076] The overtones thus generated can be allocated to degrees with reference to the 
fundamental tone of 40 Hz in the original signal. The overtones having the allocated 
degrees are arranged in a manner that follows: 

a fourfold overtone (160 Hz); 

a sixfold overtone (240 Hz); 

an eightfold overtone (320 Hz); 

a ninefold overtone (360 Hz); and 

a twelvefold overtone (480 Hz). 
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[0077] As seen from the above, fivefold and sevenfold overtones are absent in the 
generated overtones, while overtones having high degrees such as the ninefold and 
twelvefold overtones are present, but never contribute to improvements in a feeling of 
bass sound. 

[0078] The formation of such irregularly structured overtones fails to provide an 
improved feeling of bass sound, and further produces an objectionable feeling that 
regenerated sound is displaced toward intermediate- or high-pitched sound, or 
introduces peculiar variations in tone. 

[0079] As evidenced by the above, there is a need for a guideline to generate properly 
structured overtones to produce an improved feeling of bass sound. In accordance with 
such knowledge, the present inventors have completed the improved art as herein 
proposed. Embodiments as described below and the present comparative example are 
collectively evaluated in detail at the end of the description. 
[0080] First embodiment 

[0081] A first embodiment of the present invention is now described with the drawings. 
Fig. 1 is a block diagram illustrating an acoustic signal-processing apparatus according 
to the present embodiment. 

[0082] Similar to the comparative example, the present and next embodiments 
presuppose that: a speaker reproducible band is 150 Hz or greater; overtone components 
are generated for a low frequency band of 150 Hz or less; and each of the generated 
overtone components has a definite frequency range of 150 to 280 Hz. It is understood 
that those numeral values are offered merely by way of one example, and, of course, 
may appropriately be changed. 

[0083] In Fig. 1(a), an input signal enters an input terminal 1. 

[0084] A band-dividing unit 6 is operable to extract low frequency components that 
belong to several frequency bands from the input signal in order to generate overtones 
based on the extracted low frequency components. The band-dividing unit 6 includes 
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parallel-arranged band pass filters "5a" to "5c" suited for different pass bands. 
[0085] Each of overtone-generating units "4a" to "4c" is disposed for corresponding one 
of the frequency bands, and is operable to produce overtones based on an output signal 
from corresponding one of the band pass filters "5a" to "5c". 

[0086] An adder "7a" is operable to add together output signals from the 
overtone-generating units "4a" to "4c". A delay 3 is operable to delay the input signal 
by the same period of time as a delayed period of time associated with the generation of 
the overtones. 

[0087] An adder "7b" serves as a combining unit. More specifically, the adder "7b" is 
operable to add an output signal from the adder "7a" to an output signal from the delay 
3, thereby sending out an acoustic signal from an output terminal 2 through a high-pass 
filter 8. 

[0088] The high-pass filter 8 is disposed to remove, from the acoustic signal, low 
frequency components that are in the range below the speaker reproducible band, in 
order to avoid overloading a speaker unit. 

[0089] The high-pass filter 8 may be either followed or preceded in position by the 
delay 3. The high-pass filter 8 may be removed from the acoustic signal-processing 
apparatus according to the present embodiment, although the acoustic signal-processing 
apparatus according thereto becomes free of an overload-proof function. 
[0090] To provide an acoustic signal-processing apparatus suited for stereo input, one 
circuit as illustrated in Fig. 1(a) is provided to function as the right channel, while 
another of Fig. 1(a) is disposed to serve as the left channel. 

[0091] Alternatively, a circuit as illustrated in Fig. 7 may be used. More specifically, left 
and right inputs having entered the circuit of Fig. 7 are added together, thereby 
providing a monophonic signal. The monophonic signal is processed to generate an 
overtone. The generated overtone is split into right and left output. 
[0092] The structure as illustrated in Fig. 7 provides a smaller-sized circuit than the 
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right and left circuits of Fig. 1(a), which are separately disposed for the left and right 
channels. Because the low frequency components having the same phase are often 
included in the right and left channels, such a simplified structure as shown in Fig. 7 
provides substantially constant sound quality. 

[0093] Similar to the comparative example, pursuant to the present embodiment, the 
band-dividing unit 6 has band-dividing characteristics established as illustrated in Fig. 
2(a). As seen from Fig. 2(a), the frequency band of 25 Hz to 150 Hz is divided into 
several frequency bands by the frequency band of 25Hz. 

[0094] Alternatively, the band-dividing unit 6 may have band-dividing characteristics 
set up as illustrated in Fig. 2(c), in which the lowest sound band (50 Hz or less) is 
handled as low pass characteristics. 

[0095] Fig. 1(b) illustrates a circuit structure of the overtone-generating units "4a" to 
"4c", each of which is disposed for corresponding one of the frequency bands. 
[0096] The overtone-generating units "4a" to "4c" include overtone 
component-generating units "9a" to "9c", respectively. The overtone 
component-generating units "9a" to "9c" generate an "M"-number of overtones based 
on the input signal. The "M"-number of overtones consists of an "n"-fold overtone up to 
a (n+M-l)-fold overtone. The overtone component-generating units "9a" to "9c" are 
followed by multipliers "10a" to "10c", respectively. The multipliers "10a" to "10c" 
multiply the output from the overtone component-generating units "9a" to "9c" by 
coefficients "al" to "aM", respectively. An adder "7c" adds together the output from the 
multipliers "10a" to "10c". 

[0097] More specifically, as illustrated in Fig. 3, the "M"-number of overtones 
continuously arrayed from the "n"-fold overtone having the least degree are generated 
based on a signal separated for each of the frequency bands. The "n"-fold overtone 
having the least degree falls within the range of the speaker-reproducible band. The 
train of coefficients "al" to "aM" serves to regulate an amplitude level of each of the 
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overtones. The train of coefficients "al" to "aM" is represented by a train of coefficients 
in which a higher degree has an increasingly attenuating value. For example, a 
geometrical progression with geometrical ratio V (al, alxr, alxrXr, etc.) may be used 
as the train of coefficients "al" to "aM". The geometrical ratio "r" can be, e.g., 0.3. 
[0098] Referring back to Fig. 1(a), formational condition-related information enters a 
formational condition-establishing unit 20 from the outside. The formational 
condition-establishing unit 20 allows given conditions of overtone production to be 
established in the overtone-generating units "4a" to "4c". The formational 
condition-related information is concerned with the degrees (n, n+M-1) of the overtone 
components, the coefficient such as "al", and the geometrical ratio "r" as mentioned 
above. 

[0099] As illustrated in Fig. 1(a), the formational condition-establishing unit 20 is 
possible to change the given conditions in the overtone-generating units "4a" to "4c". 
[0100] Alternatively, the formational condition-establishing unit 20 may be removed 
from the acoustic signal-processing apparatus according to the present embodiment 
when a single certain condition is used. In the alternative, each of the 
overtone-generating units "4a" to "4c" may have a circuit fixedly constructed to meet 
the desired certain conditions. In this instance, the overtone-generating units need not be 
provided for all of the "n"-fold to (n+M-l)-fold overtones, as opposed to the structure of 
Fig. 1(b). More specifically, when there is an overtone having an unused degree, then a 
corresponding overtone-generating unit may be removed to provide a simpler circuit 
structure. 

[0101] The following discusses an overtone-generating method, the subject matter of 
the present invention. A reachable least degree is now described. The reachable least 
degree refers to the least degree that reaches the speaker-reproducible band (150 Hz or 
greater as discussed herein) to generate overtones based on a signal component for each 
of the divided frequency bands. 
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[0102] For example, the reachable least degree in Fig. 2(a) includes: 

a threefold degree at frequency band "B" (50 to 75 Hz); 

a twofold degree at frequency band "C" (75 to 100 Hz); 

a twofold degree at frequency band "D" (100 to 125 Hz); and 

a twofold degree at frequency band "E" (125 to 150 Hz). 
[0103] The reachable least degree at frequency band "A" (25 to 50 Hz) includes a 
sixthfold degree at the frequency of 25 to 30 Hz, a fifthfold degree at the frequency of 
30 to 37.5 Hz, and a fourfold degree at the frequency of 37.5 to 50 Hz. 
[0104] As discussed above, there are cases where several candidates for reachable least 
degrees are present, depending upon band-dividing characteristics, and therefore a 
single reachable least degree cannot be determined. In this instance, any one of the 
candidates can be set to be a reachable least degree. Accordingly, the reachable least 
degree at frequency band "A" is now set to be a fourfold degree. 

[0105] The following discusses the way in which overtones are generated using the 
reachable least degree as previously mentioned. Pursuant to the present embodiment, 
either a single overtone having a reachable least degree or several overtones having a 
series of continuous degrees including the single overtone having the reachable least 
degree are generated for each of the frequency bands. At this time, the point is that an 
increasing number of overtones are generated at a lower frequency band among the 
different frequency bands. 

[0106] For example, patterns 1 and 2 are now contemplated. 
[0107] Pattern 1 generates: 

fourfold, fivefold, and sixfold overtones at frequency band "A"; 

threefold and fourfold overtones at frequency "B"; and 

a twofold overtone at each of frequency bands "C", "D", and "E". 
[0108] Pattern 2 generates: 

fourfold, fivefold, sixfold, and sevenfold overtones at frequency band "A"; 
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threefold and fourfold overtones at frequency "B"; 
twofold and threefold overtones at frequency band "C"; and 
a twofold overtone at each of frequency bands "D", and "E" 
[0109] The overtone-generating method as discussed above provides a natural overtone, 
not awkwardly structured one, even when a musical tone having a low fundamental 
frequency enters the acoustic signal-processing apparatus according to the present 
embodiment. The following discusses the reason why such natural overtones are 
attainable. 

[0110] Assume that the musical tone is an original signal. In this instance, the original 
signal includes a fundamental tone and an overtone having a frequency equal to an 
"n"-multiple ("n"=2, 3, etc.) of a frequency of the fundamental tone. The fundamental 
tone may be considered as an "n"-fold overtone ("n"=l). 

[0111] The overtone-generating unit produces an "m"-fold overtone ("m"=2, 3, etc.) 
based on the original signal. The generated "m"-fold overtone has a frequency equal to 
an "n" times "m" multiple of a frequency of the fundamental tone in the original sound. 
[0112] At this time, the formation of an overtone having an excessively high degree 
produces an objectionable feeling that a tone is deviated toward intermediate- or 
high-pitched sound. Accordingly, there is an upper limit to the degree of "n" times "m". 
More specifically, "m" definitely decreases in value with an increase in "n". In other 
words, a large number of overtones having higher degrees can be added at the lowest 
frequency band such as frequency band "A", but only an overtone having a lower 
degree can be generated at a higher frequency band such as frequency band "E". 
[0113] Assume that the value of the degree of "n" times "m" is a prime number. In this 
instance, the overtones can be generated only for "n"=l or only from the fundamental 
tone in the original signal. For example, the fivefold or sevenfold overtone with 
reference to the fundamental tone in the original signal can be generated based on only 
the fundamental tone in the original signal. Accordingly, an increasing number of 
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overtones are advisably generated at a lower frequency band because such an advisable 

method is resistant to the formation of a train of awkward overtones. 

[0114] The following discusses a train of signals representative of a musical tone having 

a fundamental tone (40 Hz) as an original signal, in which the original signal further 

includes the overtone components having frequencies of 80 and 120 Hz, as previously 

described. 

[0115] Pattern 1 as illustrated in Fig. 5(a) generates: 

overtones having the frequencies of 160, 200, and 240 Hz based on the 40 Hz 
component that belongs to frequency band "A"; 

an overtone having the frequency of 160 Hz based on the 80 Hz component 
that belongs to frequency band "C"; and 

an overtone having the frequency of 240 Hz based on the 120 Hz component 
that belongs to frequency band "E". 
[0116] Pattern 2 as illustrated in Fig. 5(b) generates: 

overtones having the frequencies of 160, 200, 240, and 280 Hz based on the 40 
Hz component that belongs to frequency band "A"; 

overtones having the frequencies of 160 and 240 Hz based on the 80 Hz 
component that belongs to frequency band "C"; and 

an overtone having the frequency of 240 Hz based on the 120 Hz component 
that belongs to frequency band "E". 

[0117] Pattern 1 produces a series of continuous overtones in the range of the fourfold 

to sixfold overtone based on the fundamental tone in the original signal. 

[0118] Pattern 2 generates a series of continuous overtones in the range of the fourfold 

to sevenfold overtone based on the fundamental tone in the original signal. 

[0119] Both of patterns 1 and 2 never generate excessively high-pitched overtones such 

as ninefold or greater overtones. As a result, the overtone-generating method according 

to the present embodiment provides an output signal that produces a feeling of an 
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improved bass sound because the same overtone-generating method less produces an 
objectionable feeling that a sound level is displaced toward an intermediate- or 
high-pitched sound, and less introduces peculiar variations in tone. 
[0120] In conclusion, pursuant to the overtone-structuring method according to the 
present embodiment, naturally structured overtones having an array of continuous 
degrees can be generated within the range of the speaker reproducible band, even when 
the acoustic signal-processing apparatus according to the present invention receives a 
musical tone having a low fundamental frequency in which plural frequency 
components are present at the frequency band to be processed. This feature makes it 
feasible to suppress degradation in tone quality, which otherwise would occur heavily 
upon the entry of the musical tone having the low fundamental frequency. Furthermore, 
fewer overtones are generated at a higher frequency band among the different frequency 
bands. This feature advantageously provides a smaller-sized circuit required to produce 
the overtones. 

[0121] Second embodiment 

[0122] Pursuant to a second embodiment, another overtone-structuring method to 
generate overtones is performed using the same circuit as that of the previous 
embodiment (see Figs. 1(a), 1(b), and Fig. 7). In short, the overtone-structuring method 
according to the present embodiment generates only a single overtone having a 
reachable least degree or equivalent for each frequency band. 

[0123] For example, patterns 3 and 4 at frequency bands as illustrated in Fig. 2(a) are 

now contemplated. 

[0124] Pattern 3 generates: 

a fourfold overtone at frequency band "A"; 

a threefold overtone at frequency band "B"; and 

a twofold overtone at each of frequency bands "C", "D'\ and "E" 

[0125] Pattern 4 generates: 
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a fivefold overtone at frequency band "A"; 

a threefold overtone at frequency band "B"; and 

a twofold overtone at each of frequency bands "C'\ "D", and "E". 
[0126] As illustrated in Fig. 2(b), similar to the previous embodiment, assume that a 
train of signals represents a musical tone having a fundamental tone of 40 Hz as an 
original signal, in which the original signal further includes overtone components 
having frequencies of 80 and 120 Hz. 
[0127] Pattern 3 as illustrated in Fig. 6(a) generates: 

an overtone having the frequency of 160 Hz based on the 40 Hz component 
that belongs to frequency band "A"; 

an overtone having the frequency of 160 Hz based on the 80 Hz component 
that belongs to frequency band "C"; and 

an overtone having the frequency of 240 Hz based on the 120 Hz component 
that belongs to frequency band "E" 
[0128] Pattern 4 as illustrated in Fig. 6(b) generates: 

an overtone having the frequency of 200 Hz based on the 40 Hz component 
that belongs to frequency band "A"; 

an overtone having the frequency of 160 Hz based on the 80 Hz component 
that belongs to frequency band "C"; and 

an overtone having the frequency of 240 Hz based on the 120 Hz component 
that belongs to frequency band "E". 

[0129] A feeling of bass sound produced by pattern 3 is somewhat poor because pattern 
3 does not generate a fivefold overtone (200 Hz) based on the fundamental tone in the 
original signal. Pattern 4 is better than pattern 3 because of the continuous formation of 
fourfold to sixfold overtone in pattern 4. 

[0130] The overtone-structuring method according to the present embodiment provides 
only a single overtone for each of the frequency bands. As a result, the present 
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embodiment is rather inferior to the previous embodiment in terms of an improved 
feeling of bass sound. However, the present embodiment advantageously requires a less 
amount of calculation, and provides a smaller-sized circuit. Furthermore, the present 
embodiment provides reduced distortions accompanying the formation of the overtones, 
thereby achieving articulate sound quality. 

[0131] The previous and present embodiments have been described on the premise of 
the speaker reproducible band of 150 Hz or greater. However, it is well understood that 
the present invention is not limited to a certain speaker reproducible band, but is 
applicable to a variety of small-sized speaker units designed for different reproducible 
bands. 

[0132] (Variation 1) 

[0133] The structure of Fig. 1(a) can be modified in such a manner as illustrated in Fig. 
8(a). According to the present variation, a decimeter 31 is disposed between the input 
terminal 1 and the band-dividing unit 6, while an interpolator 32 is provided between 
the adder "7a" and the adder "7b". 

[0134] The decimeter 31 includes a low pass filter 33 and a down-sampler 34. The low 
pass filter 33 allows only low frequency components in an entering acoustic signal to 
pass the low pass filter 33, thereby reducing an aliasing distortion that otherwise would 
occur heavily during downsampling. Assume that "p" is a positive integer. The 
down-sampler 34 is operable to reduce a sampling frequency of an input signal to one 
over "p" of the sampling frequency before feeding the input signal into the 
band-dividing unit 6. 

[0135] As a result, the band-dividing unit 6, overtone-generating units "4a" to "4c", and 
adder "7a" according to the present variation are smaller in processed amount per unit 
time than those components of Fig. 1(a). Similarly, the band-dividing unit 6 and 
overtone-generating units "4a" to "4c" according to the present variation are made 
smaller in memory capacity than those of Fig. 1(a). As a result, the circuit according the 



21 



present variation is considerably reduced in size, when compared with that of Fig. 1(a). 
[0136] The interpolator 32 includes an up-sampler 35 and a low pass filter 36. The 
up-sampler 35 is operable to increase a sampling frequency of an output signal from the 
adder "7a" to a "p"-multiple of the sampling frequency, thereby setting the increased 
sampling frequency back to a sampling frequency of the entering acoustic signal. The 
low pass filter 36 allows only low frequency components in an output signal from the 
up-sampler 35 to pass the low pass filter 36, thereby eliminating, from the output signal, 
imaging components that otherwise would occur during upsampling. 
[0137] The present variation is, of course, applicable to the structure of Fig. 7 other than 
that of Fig. 1(a). 
[0138] (Variation 2) 

[0139] The structure of Fig. 1(a) can be modified in such a maimer as illustrated in Fig. 
8(b). According to the present variation, a decimeter 31 is disposed between the input 
terminal 1 and the band-dividing unit 6. Interpolators "32a" to "32c" are provided 
between the overtone-generating units "4a" to "4c" and the adder 7a in such a manner 
as to be connected to the overtone-generating units "4a" to "4c", respectively. 
[0140] The decimeter 31 is similar in construction to that according to the previous 
variation. As a result, the band-dividing unit 6 and overtone-generating units "4a" to 
"4c" according to the present variation are smaller in processed amount per unit time 
than those components of Fig. 1(a). Similarly, the band-dividing unit 6 and 
overtone-generating units "4a" to "4c" according to the present variation are made 
smaller in memory capacity than those of Fig. 1(a). As a result, the circuit according the 
present variation is considerably reduced in size, when compared with that of Fig. 1(a). 
[0141] The interpolators "32a" to "32c" include up-samplers "35a" to "35c" and low 
pass filters "36a" to "36c", respectively. Each of the up-samplers "35a" to "35c" is 
operable to increase a sampling frequency of an output signal from each of the 
overtone-generating units "4a" to "4c" to a "p"-multiple of the sampling frequency, 
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thereby setting the increased sampling frequency back to a sampling frequency of the 
entering acoustic signal. Each of the low pass filters "36a" to "36c" allows only low 
frequency components in an output signal from each of the up-samplers "35a" to "35c" 
to pass a corresponding one of the low pass filters "36a" to "36c", thereby eliminating, 
from the output signal, imaging components that otherwise would occur during 
upsampling. 

[0142] The present variation is, of course, applicable to the structure of Fig. 7 other than 
that of Fig. 1(a). 
[0143] (Evaluation) 

[0144] The present inventors evaluated the comparative example and patterns 1 and 3 as 

described above. The following discusses results from the evaluation. 

[0145] It is to be noted that neither pattern 2 nor pattern 4 were evaluated, but it is 

presumed that patterns 2 and 4 provide results similar to those of patterns 1 and 3, 

respectively. 

[0146] Two listeners "A" and "B" listened to an original sound and three different 
processed sounds. Each of the three different processed sounds had overtones generated 
in accordance with corresponding one of patterns 1 and 3, and the comparative example. 
The listeners "A" and "B" determined how much a feeling of bass sound had been 
improved. The listeners "A" and "B" checked for a feeling of distortion as well. 
[0147] In the test, three different sound sources as given below were played. 
[0148] Source 1: 

Artist name: Noriyuki Makihara; 

Music title: "Spy"; and 

Evaluated track: a half-minute from the start of the music. 
[0149] Source 2: 

Artist name: Cindy Loper; 
Music title: "Hey Now"; and 
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Evaluated track: a half-minute from the start of the music. 
[0150] Source 3: 

Artist name: Diana King; 
Music title: "Shy Guy"; and 

Evaluated track: a half-minute after 40 seconds elapsed from the start of the 

music. 

[0151] The listener "A" had impressions as given below. 

"How much do you think a feeling of bass sound has been improved?" 

++ : well improved; 

+ : rather improved; and 

- : substantially not improved. 
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[0152] "Did you have a feeling of distortion?" 
++ : substantially did not at all; 
+ : somewhat did; and 
- : considerably did. 
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[0153] The listener "B" had impressions as given below. 

"How do you think a feeling of bass sound has been improved?" 

++ : well improved; 

+ : rather improved; and 

- : substantially not improved. 
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[0154] "Did you have a feeling of distortion? 
++ : substantially did not at all; 
+ : somewhat did; and 
- : considerably did. 
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[0155] (Considerations) 

[0156] Both of the listeners highly value pattern 1 in terms of a higher effect on 
improvements in feeling of bass sound and a less feeling of distortion. Therefore, 
pattern 1 is believed to be the best. 

[0157] It was found from the above results that the comparative example was 
impractical because of a higher feeling of distortion. The distortion destroyed the effect 
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of an improved feeling of bass sound. Furthermore, the distortion forced instrumental 
bass sound in the source to be displaced toward an intermediate- or high-pitched sound, 
or to be queerly varied in tone. 

[0158] Pattern 3 was inferior to pattern 1 with respect to a feeling of bass sound, but 
was more articulate in sound quality than pattern 1. 

[0159] Generally judging from the results, both of patterns 1 and 3 were superior to the 
comparative example in terms of the effect of an improved feeling of bass sound and a 
feeling of less distortion. 

[0160] Pursuant to the present invention, one overtone-generating unit designed for a 
higher frequency band among the different frequency bands is set to generate the same 
or fewer overtones than another overtone-generating unit suited for a lower frequency 
band thereamong does. This feature produces a train of continuous overtones with a less 
amount of calculation, while collectively generating the overtones at a low frequency 
that falls within the range of the speaker reproducible band. 

[0161] Pursuant to the present invention, the structure of each of the generated 
overtones during the introduction of band splitting can be optimized to achieve less 
degradation in sound quality and a higher feeling of bass sound. 

[0162] Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be effected 
therein by one skilled in the art without departing from the scope or spirit of the 
invention as defined in the appended claims. 
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